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Introduction 
Rice is particularly important in Asia that accounts for 90% of world’s rice production and consumption. India ought 
to add 1.7 million tonnes of additional rice every year to ensure national food security [1]. Thus demand can only be 
met by maintaining a steady increase in production by proper agronomic management practices like optimum plant 
population and nitrogen nutrition (non-monetary inputs).  
The productivity of cereals depends not only on the accumulation of dry matter, but also on effective partitioning 
of the dry matter to economically important plant parts; this is key to yield stability [2, 3]. Plant density affects the 
partitioning of assimilates to grain and nutrient uptake. Optimum plant density ensures plants to grow properly both in 
their aerial and underground parts by proper utilization of radiant energy, nutrients and water [4]. Dense planting may 
have the limitations in the maximum availability of solar radiation and nutrients and lead to production of more straw 
instead of grain. While the sparse planting may produce insufficient tiller, keeping space and nutrients unutilized 
resulting in less number of panicles per unit area, and ultimately poor yield [5]. Optimum plant population utilizes 
resources more effectively and leads better dry matter production and remobilization of reserves to grain which 
reflects in yield of crop [6]. In estimation, it was found that 24% increase in Asian rice was attributed to use of 
fertilizers, mainly nitrogen. It has been observed that the rice crop needs a higher amount of nitrogen (greater than 
120 kg N/ha) to achieve a good yield. Being key nutrient for rice production nitrogen accounts for 67 % of total 
nutrients applied to rice [7, 8]. Nitrogen being an integral part of structural and functional proteins, chlorophyll and 
nucleic acid affects plant growth and development pattern by changing canopy size and structure, ultimately altering 
resource use efficiency [9,10] and is required throughout the crop growth period from vegetative stage to subsequent 
harvesting [11,12].  
So, optimum plant density and N application are the most important factors for increasing total dry matter 
accumulation and partitioning greater amounts into panicles, thereby increasing yield. Keeping these facts in view, the 
present study was carried out to assess the effect of plant density and nitrogen application on dry matter accumulation 
and partitioning and nitrogen uptake of rice. 
Materials and Method 
The experiment was conducted at Agricultural Research Institute, Professor Jayasankar Telangana State Agricultural 
University, Rajendranagar, Hyderabad during kharif 2012. The soil of the experimental site was sandy loam in 
texture, alkaline in reaction, low in available nitrogen, phosphorus and high in available potassium. The experiment 
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was laid out in a factorial randomized complete block design with three replications. The treatments comprised of 
three plant densities (farmers practice : 26 hills m
-2
, 15x15cm : 44.44 hills m
-2
and 25x25 cm: 16 hills m
-2
) and four 
nitrogen levels (120, 180, 240 and 300 kg ha
-1
). Rice var. MTU 1010 was used in the experiment. Recommended dose 
of P, K and Zn @ 60, 40 and 50 kg ha
-1
 through single super phosphate (SSP), muriate of potash (MOP) and zinc 
sulphate as basal dose. Nitrogen was applied as per the treatments in the form of urea (46% N) in three equal splits at 
planting, 20 days after planting (DAP) and at panicle initiation (PI) stage. Plant samples of rice were collected for dry 
matter estimation at tillering, panicle initiation, heading, dough and physiological maturity stages from different 
treatments. Dry weight per plant was calculated as sum of the dry weights of the plant components. The collected data 
was statistically analyzed and mean differences were compared using SAS. Total N uptake was determined using 
following formulae 
Nitrogen uptake by grain (kg ha-1) = 





Nitrogen uptake by stover (kg ha
-1
) = 




Results and Discussion 
Total Dry Matter Production  
Dry matter accumulation reflects growth and metabolic efficiency of a plant, which ultimately influences the 
economic yield. Dry matter production by rice plants increased progressively with the advancement of growth stages 
and reached peak at maturity (Table 1). Total dry matter production (TDM) increased progressively with the 





matter accumulation over 16 hills m
-2
 and 28 hills m
-2
. The percent increase in dry matter production with 44.44 hills 
m
-2 
over 28 and 16 hills m
-2 
was 6% and 11% respectively. This rapid dry matter production under closer spacing 
could be attributed to vertical growth of rice plants at closer spacing as compared to horizontal tillering in wider 
spacing [13].  
Table 1 Dry matter production (g m
-2
) of rice at different phenophases as influenced by plant densities and nitrogen 
levels 
Treatments Tillering Panicle initiation Heading Dough Physiological maturity 
Plant densities (PD) (hills m
-2
) 

































SEd+ 2 14 20 11 14 
CD (P=0.05) 5 28 40 23 30 















































SEd+ 3 16 22 13 17 
CD (P=0.05) 5 33 46 27 35 
Interaction (PD×N) 
SEd+ 5 27 39 22 29 
CD (P=0.05) NS NS NS NS NS 
Considering the nitrogen fertilization, the highest dry matter was obtained when rice plants were fertilized with 
300 kg N ha
-1
 which was on par with 240 and 180 kg N ha
-1
 and were significantly superior to 120 kg N ha
-1
. Elevated 
nitrogen supply can boost dry matter content through production of photo-assimilates via leaves which is the center of 
plant growth during vegetative stage and later distribution of assimilates to the reproductive organs [14]. Furthermore, 
dry matter production in rice is significantly related to intercept photosynthetically active radiation. Low N 
concentrations in plant leaves have been described as a limiting factor for reducing radiation use efficiency and 
biomass productivity resulting lower dry matter production of rice [15]. 
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Dry matter partitioning at physiological maturity 
Dry matter partitioning towards leaf, stem and grain varies significantly with plant densities and graded levels of 
nitrogen (Table 2). The dry matter partitioning to grain at physiological maturity ranged from 55% to 56% with 
different plant densities. Significantly higher leaf and grain partitioning was noticed with 44.44 hills m
-2 
and was 
superior to 28 hills m
-2
 and 16 hills m
-2
, which in turn recorded the lowest leaf and grain partitioning. Plant densities 
did not influence the stem partitioning significantly.  
Table 2 Dry matter (g m
-2
) partitioning at maturity stage of rice as influenced by plant densities and nitrogen levels 
Treatments Stem Leaf Grain Total dry matter 
Plant densities (PD) (hills m
-2
) 





















SEd+ 9.85 8.89 10.77 14.44 
CD (P=0.05) NS 18.4 22.30 29.90 







































SEd+ 11.40 10.29 12.42 16.67 
CD (P=0.05) 23.60 21.3 25.70 34.50 
Interaction (PD×N) 
SEd+ 19.76 17.84 21.51 28.84 
CD (P=0.05) NS NS NS NS 
The dry matter partitioning to grain at physiological maturity ranged from 54% to 57%, with graded levels of 
nitrogen application. Of all the N levels tested, the highest stem, leaf and grain accrual was observed with 300 kg ha
-1
 
and was comparable with 240 kg ha
-1
, 180 kg ha
-1
 and distinctly superior to 120 kg N ha
-1
, which in turn recorded the 
lowest accrual of stem, leaf and grain partitioning at physiological maturity. The higher stem weight resulted from 
greater partitioning of assimilates to stem because when the N in root zone is more, the root to shoot ratio increases. 
The grain yield depends on the partitioning of dry matter into its economical portion and its conversion into grain 
[16].  
Nitrogen uptake  
Nitrogen uptake significantly increased with increasing plant densities and nitrogen levels. Maximum nitrogen uptake 
at PI, heading and in leaf, stem and grain samples at physiological maturity was observed with 44.44 hills m
-2
and was 
significantly superior to 28 hills m
-2
and 16 hills m
-2 
which in turn recorded the lowest nitrogen uptake (Table 3). This 
might be due to higher biomass production under higher plant densities [17]. This outcome was confirmed with 
research results, where high density planting recorded more nitrogen uptake than low density due to higher biomass 
production [18]. 
Nitrogen uptake at all crop growth stages, increased with increasing the N rate from 120 kg N ha
-1





the significant increase was observed only upto 180 kg N ha
-1
. The highest nitrogen uptake was recorded at PI, 
heading and physiological maturity stage with 300 kg ha
-1
 and was comparable with 240 kg ha
-1
 and 180 kg ha
-1
 and 
significantly superior to 120 kg ha
-1
, which in turn recorded the lowest nitrogen uptake. Nitrogen content in grain 
significantly depends on the applied nitrogen level and with the increase in nitrogen dose, its content in the grain 
increased. Further, [19] reported that increased N application led to over-growth of above ground biomass and 
consequently, increase of leaves and stems dry weight, so, it increased nitrogen uptake. 
Correlation studies between dry matter accumulation and nitrogen uptake with yield 
Dry matter accumulation and nitrogen uptake showed a significant positive correlation with grain yield of rice  
(Table 4). Further the regression analysis revealed that 84% of the variation in grain yield was attributed to nitrogen 
Chemical Science Review and Letters  ISSN 2278-6783 
Chem Sci Rev Lett 2017, 6(23), 1975-1979                                                          Article CS152048081                   1978 
uptake at physiological maturity stage (Figure 1). This indicates that nitrogen levels and plant densities affect the rice 
yield through its effect on dry matter production and nitrogen uptake.  
Table 3 Nitrogen uptake (kg ha
-1
) by rice during different growth phases as influenced by plant densities and nitrogen 
levels 
Treatments  Panicle initiation Heading Physiological maturity 
Stem Leaf Grain Total  
Plant densities (PD) (hills m
-2
) 







































SEd+ 2 5 1 1 3 3 
CD (P=0.05) 5 10 3 2 6 7 























































SEd+ 3 6 2 1 3 4 
CD (P=0.05) 6 12 3 3 7 8 
Interaction (PD×N)  
SEd+ 5 10 3 2 6 6 
CD (P=0.05) NS NS NS NS NS NS 
Table 4 Correlation coefficients between growth parameters and grain yield of rice 
Growth parameter Correlation coefficients 
Dry matter at panicle initiation stage 0.89** 
Dry matter at heading stage 0.99** 
Dry matter at physiological maturity 0.99** 
Nitrogen uptake at physiological maturity 0.92** 
 
Figure 1 Relationship between N uptake at maturity and grain yield of transplanted rice 
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Conclusion 
The results of this study confirmed that increase in plant density and N levels were more beneficial in terms higher 
DM accumulation and partitioning greater amounts into panicles in transplanted rice. It is, therefore, recommended 
that plant density of 44.44 hills m
-2
 along with application of 180 kg N ha
-1 
should be considered optimum to 
improving growth performance and increased nitrogen uptake of transplanted rice in South Telangana region of 
Telangana State. 
References 
[1] A.Dass, A, S. Chandra. Exp Agric., 2013, 49(4), 504–23. 
[2] A. Kumar, B.N. Reena, J.P. Sharma, J. Kumar. J. Food & Legumes., 2010, 23, 44-46 
[3] B. Karikari, E. Arkorful. J. Pl. Sci., 2015, 10, 167-178. 
[4] J.A. Mahamud, M.M. Haque, M.Hasanuzzaman. Int J Sust Agric., 2013, 5 (1), 16-24. 
[5] M.N.H. Miah, S. Talukder, M.A.R. Sarkar, T.H. Ansari. J.Biol Sci. 2004, 4(2), 122-129 
[6] S. D. Yaragoppa, B.K. Desai, A.S. Halepyati, B.T. Pujari. Karnataka J. Agric. Sci., 2003, 16 (2), 297-299. 
[7] T. Jayanthi, S.K. Gali, V.V. Angada, V.P. Chimmad. Karnataka J. Agric. Sci., 2007, 20, 405‒406 
[8] A. Jan, Ahmed, Amanullah. Int.J. Agric & Biol., 2013, 15, 553‒558. 
[9] S.L. Tisdale, W.L. Nelson, J.D. Beaton. Soil Fertility and Fertilizers. MacMillan Pub. Co., New York, 1990. 
pp. 60-62. 
[10] T.R. Sinclair. Adv Agron, 1990, 65, 215-265. 
[11] M.A., Rafiq, A. Ali, M.A. Malik, M. Hussain. J. Agric. Sci., 2010, 47, 201-208. 
[12] E.A.Ali. Am. Eurasian. J. Agric. Environ. Sci., 2011, 10, 425-433. 
[13] Vlek, P.L.G. and Byrnes, B.H. Fert. Res., 1986.9, 131-147.  
[14] V.K. Yadav. Ph D Thesis.Chandra Shekhar Azad University of Agriculture and Technology, Kanpur-208 002 
(U.P.) India. 2007.  
[15] J.R. Kiniry, G. Mc Cauley, Y. Xie, Y, J.G. Arnold. Agron. J., 2001, 93, 1354-1361.  
[16] C.M. Donald. Jour. Aust. Inst. Aqr. Sci., 1962, 28, 171-8. 
[17] A.C. Lourduraj, A. Rajagopal. Madras Agric. J., 1999, 86 (7-9), 347-351. 
[18] S.K Pal, A. Chowdhury, S.K. Gunri. Oryza, 2005, 42(1), 41-47.  





  Aug 2017 
Revised 28
th
  Aug 2017 
Accepted 05
th
  Sep 2017 
Online 30
th




© 2017, by the Authors. The articles published from this journal are distributed to 
the public under “Creative Commons Attribution License” (http://creative 
commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original 
work, all the articles can be used without any restriction or can be distributed in 
any medium in any form. 
 
